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ANDROGEN SENSITIVITY AND CHEMOSENSITIVITY IN 

PROSTATE CANCER 
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ABSTRACT 

Background: Androgen resistance develops, in part, from upregulation of antiapoptotic genes after andro- 
gen withdrawal. Identification and targeting of genes mediating androgen-independent (Al) progression may 
lead to development of novel therapies that delay hormone-refractory prostate cancer Clusterin is a cell 
survival gene, that increases after androgen ablation. Here, we review clusterin's functional role in apoptosis 
and the ability of antisense oligonucleotides (ASOs) against clusterin to enhance apoptosis in prostate cancer 
xenograft models. 

Results: Immunostaining of radical prostatectomy specimens confirm that clusterin is highly expressed in 
80% prostate cancer cells after neoadjuvant hormone therapy, but is low or absent (<20%) in untreated 
specimens. Clusterin levels increase >10 fold in regressing Shionogi tumors after castration. Pretreatment 
of mice bearing androgen-dependent Shionogi tumors with calcium antagonists inhibited castration-induced 
apoptosis. tumor regression, and clusterin gene upregulation, illustrating that clusterin is an apoptosis- 
associated gene and not an androgen-repressed gene. Clusterin ASOs reduced clusterin levels in a dose- 
dependent and sequence-specific manner. Adjuvant treatment with murine clusterin ASOs after castration of 
mice bearing Shionogi tumors decreased clusterin levels by 70% and resulted in eariier onset and more rapid 
apoptotic tumor regression, with significant delay in recurrence of Al tumors. Species-specific clusterin ASOs 
also increased the cytotoxic effects of paclitaxel, reducing the 50% inhibitory concentration (IC50) of PC-3 
and Shionogi cells by 75% to 90%. Although clusterin ASOs had no effect on the growth of established Al 
Shionogi or PC-3 tumors, clusterin ASOs synergistically enhanced paclitaxel-induced tumor regression in 
both Shionogi and PC-3 models. 

Conclusions: Collectively, these data identify clusterin as an antiapoptosis protein, upregulated in an adaptive 
cell-survival manner by androgen ablation and chemotherapy, which confers resistance to various cell-death 
triggers. Inhibition of clusterin upregulation using clusterin ASOs can enhance cell death after treatment with 
androgen ablation and chemotherapy. UROLOGY 58 (SuppI 2A): 39-49. 200 L © 2001 , Elsevier Science Inc. 



Androgen withdrawal is the only effective form 
of systemic therapy for men with advanced 
disease, producing symptomatic and/or objective 
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response in 80% of patients. Unfortunately, andro- 
gen-independent (Al) progression and death oc- 
curs within a few years in most of these cases. ^ 
Prostate cancer is highly chemoresistaiit, with ob- 
jective response rates of 10% and no demonstrated 
survival benefit.^ More recently, phase 2 studies 
using taxane-based combination regimens are re- 
porting objective responses in 20% to 30% and 
prostate-specific antigen (PSA) responses in >50% 
of cases.^5 Hormone-refractory prostate cancer 
(HRPC) is therefore the main obstacle to improv- 
ing the survival and quaUty of Hfe in patients with 
advanced disease, and novel therapeutic strategies 
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that target the molecular basis of androgen and 
chemoresistance are required. Traditionally, new 
nonhormonal therapies are evaluated late in 
HRPC, and when used in this end-stage setting, 
most are ineffective.^ A more rational treatment 
strategy would involve adjuvant therapy, which 
targets adaptive changes in gene expression precip- 
itated by androgen withdrawal to enhance castra- 
tion-induced apoptosis (eg, Bcl-2, clusterin) and to 
delay emergence of the AI phenotype. 

Progression to androgen independence is a com- 
plex process involving variable combinations of 
clonal selection,** adaptive upregulation of anti- 
apoptotic survival genes,^-^^ androgen-receptor 
transactivation in the absence of androgen from 
mutations or increased levels of coactivators,^^*^^ 
and alternative growth factor pathways, including 
HER-2/neu, epidermal growth-factor receptor, and 
insuUn-Uke growth factor I.^^-^^ It is interesting 
and somewhat ironic to note that the very same 
agents used to kill or control cancer cells also trig- 
ger cascades of events that lead to a chemo resistant 
phenotype. If we are to have a significant impact on 
survival, improved understanding of specific 
mechanisms mediating AI progression and new 
therapeutic strategies designed to inhibit the emer- 
gence of this phenotype are necessary. 

Insights and understanding into the nature of 
human prostate cancer will come from developing 
useful concepts through careful extrapolation 
from appropriate types of tumor models.^^ Several 
appropriate tumor model systems have been devel- 
oped, including the human cell Unes LNCaP,^^-^^ 
LuCaP,i« CRW22,i9 LAPC9,i^ and the murine 
Dunning^ and Shionogi.^ The human LNCaP cell 
line is androgen responsive, PSA secreting, and im- 
mortalized in vitro. Similar to cUnical prostate 
cancer, serum PSA levels in the LNCaP tumor 
model are initially regulated by androgen, are di- 
rectly proportional to tumor volume, and increase 
after prolonged periods of growth after castration 
to signal progression to androgen independence.^-^ 
Apoptotic tumor regression does not consistently 
occur after castration, but tumor growth stabilizes, 
and serum and tumor-cell PSA levels decrease by 
80% for several weeks after castration, after which 
LNCaP tumor growth rates and PSA expression 
increase above precastrate levels. 

The Shionogi tumor model is a mouse androgen- 
dependent (AD) mammary carcinoma that, as with 
human prostate cancer, regresses after castration 
and later recurs as AI tumors.^ Although the 
Shionogi tumor model is of mouse mammary ori- 
gin, it shares a number of features characteristic of 
human prostate cancer in that it is AD, has a func- 
tional androgen receptor, and undergoes extensive 
castration-induced apoptosis after androgen with- 



drawal with subsequent AI tumor recurrence after 
1 month. The pattern of changes in gene expres- 
sion after castration in the LNCaP and Shionogi 
models are similar to human prostate cancer (eg, 
Bcl-2, clusterin, insulin-like growth factor-bind- 
ing proteins, PSA, Bcl-x^). Collectively, these sim- 
ilarities validate their use as models of the human 
disease for functional genomics and preclinical 
proof of principle experiments7*^*^*^ '^^~^^ 

Investigations using various tumor models dem- 
onstrate that hormonal resistance and chemoresis- 
tance develops, in part, from alterations in the ap- 
optotic machinery, because of increased activity of 
antiapoptotic pathways or expression of antiapop- 
totic genes. Research during the past decade has 
identified several proteins that may promote pro- 
gression and resistance by inhibiting apoptosis. Of 
special relevance to development of AI progression 
and HRPC are those survival proteins upregulated 
after apoptotic triggers (eg, androgen ablation), 
which function to inhibit cell death. Proteins ful- 
filling these criteria include antiapoptotic mem- 
bers of the Bcl-2 protein family and clusterin. We^^ 
and others^^^^ have reported that Bcl-2 levels in- 
crease after androgen withdrawal and during AI 
progression, and that Bcl-2 ASOs enhance cancer 
cell death after treatment with androgen with- 
drawal or chemotherapy.^^-^®'^^ In this review, we 
will summarize the role of the apoptosis-associated 
protein, clusterin, in the development of androgen 
resistance and chemoresistance. 

CLUSTERIN AS AN INHIBITOR OF 
APOPTOSIS 

Also known as testosterone-repressed prostate 
message 2 (TRPM-2), or sulfated glycoprotein 2, 
clusterin is associated with a wide variety of phys- 
iologic and pathologic processes,^^ including Alz- 
heimer's disease,^^ renal diseases, such as renal 
dysplasia, membranous glomerulonephritis, gen- 
tamicin nephrotoxicity, ureteric obstruction, and 
inherited polycystic renal diseases.^^ Clusterin is 
associated with numerous tumors including pros- 
tate,^^ lung,^"* breast,^^*^^ lymphoma,^^ and renal 
cell carcinoma.^® Clusterin levels increase dramat- 
ically during castration-induced apoptosis in rat 
prostate epithelial cells,^^ in AD Shionogi tumors,^ 
and human prostate cancer CRW22,^^ and PC-82'^ 
xenografts. Furthermore, clusterin levels increase 
and decrease during each cycle of intermittent an- 
drogen suppression in the Shionogi tumor model 
(Figure I). 

Although clusterin was first isolated >15 years 
ago, its function has remained elusive. Although its 
functional relation to apoptosis has been inten- 
sively investigated, considerable ambiguity re- 
mains on roles for clusterin as both a mediator of 
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FIGURE 1. Changes in clusterin levels in Shionogi tumor tissues after castration and during cycles of intermittent 
androgen suppression. Clusterin levels increase 8- to 10-fold within days after castration, concomitant with onset of 
apoptotic tumor regression, but decrease again during cycles of testosterone replacement, until the development of 
androgen independence. + = with androgen; - = without androgen; mRNA = messenger RNA. 



apoptosis and as a cell survival factor. In the pros- 
tate gland, clusterin messenger RNA (mRNA) was 
originally cloned as TRPM-2 from regressing rat 
prostate, where it was subsequently shown by in 
situ hybridization to be expressed in dying epithe- 
lial cells.^^ Subsequently, however, clusterin was 
shown to be an apoptosis-associated, rather than 
an androgen-repressed gene; clusterin upregula- 
tion did not occur when calcium antagonists were 
used to inhibit castration-induced apoptosis and 
Shionogi tumor regression (Figure 2).® Support for 
clusterin having an active role in promoting ap- 
optosis is largely derived implicitly from its direct 
association with a great variety of dying tissues, 
such that measurement of clusterin is an accepted 
marker of apoptotic cell death.'^^-^^ 

Unraveling the function of clusterin has been an 
elusive goal; it has been ascribed many and some- 
times contradictory functions. For example, nu- 
clear clusterin has recently been shown to interact 
with Ku-70 and act as a cell-death signal in MCF-7 
breast cancer cells transfected with various green- 
fluorescing protein-tagged clusterin constructs.^^ 
In contrast, the preponderance of recent studies on 
the role of clusterin in apoptosis provide strong 
evidence in support of a cell survival and antiap- 
optotic function (for reviews, see references 48 and 
49) Because clusterin binds to a wide variety of 



biologic ligands'^^-^o and is regulated by transcrip- 
tion factor heat shock factor 1,^^ an emerging view 
suggests that clusterin functions as heat shock pro- 
tein to chaperone and stabilize conformations of 
proteins at time of cell stress. Some investigators 
suggest that clusterin may be the first-identified, 
secreted mammalian chaperone, but the precise 
site(s) of action remains unknown."^^ Although 
clusterin is constitutively secreted, and extracellu- 
lar clusterin has a cytoprotective function,^^ pro- 
apoptotic signals may induce intracellular forms 
through differential translation.^^ 

Although emerging data identify clusterin as an 
inhibitor of apoptosis, little is known about mech- 
anisms and location of clusterin action at the mo- 
lecular and cellular level. The seemingly paradox- 
ical roles for clusterin in apoptosis are perhaps 
analogous to those ascribed to 2 forms of Bcl-x that 
arise from alternative splicing.^^^^ jji^ smaller 
form, Bcl-Xs, can act to inhibit the protective effects 
of the larger form BcI-Xl, as well as Bcl-2 through 
an unknown mechanism. Similarly, clusterin can 
exist in many molecular forms, although they ap- 
parently arise from posttranslational modifications 
of a single mRNA transcript. Furthermore, using 
a panel of antibodies directed against various a- 
and )3-chain epitopes of clusterin, Lakins et al.^^ 
were able to immunologically distinguish the 
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FIGURE 2. Effects of calcium channel blocker treatment on growth and clusterin expression in the Shionogi tumor 
model. Mice bearing Shionogi tumors were randomly selected for calcium channel blocker treatment versus control. 
Castration was performed for both groups. Beginning / day before castration, 588 fig nifedipine and 100 fig 
non/asc were administered orally 3 times daily into each mouse in treatment group for / 4 days. The graph illustrates 
changes in tumor volume, and Northern analysis /Insert; shows changes in clusterin messenger RNA (mRNA) levels, 
after castration with or without calcium channel blocker treatment. Lane 1 = intact tumor; lanes 2 to4 = tumors 5 
days after castration and no calcium channel blocker; lanes 5 to7 ^ tumors 5 days after castration with calcium 
channel blocker; lane 8 androgen independent tumor 



forms of clusterin upregulated in dying cells from 
those synthesized by surviving cells in regressing 
rat prostate. The secreted mature and core propro- 
teins are believed to interact vdih glycoprotein 
330, a cell surface receptor.^^ Collectively, these 
reports suggest that pro- and antiapoptotic func- 
tions of clusterin may be because of activity of dif- 
ferent forms of the protein. 

Clusterin as a Therapeutic Target in Prostate 
Cancer 

In prostate cancer, experimental and clinical 
studies show clusterin expression is associated 
v^^ith Al progression and has a protective role 
against apoptotic cell death. For example, intro- 
duction of TRPM-2 complementary DNA (cDNA) 
into LNCaP prostate cancer cells increases resis- 
tance to apoptosis induced by tumor necrosis fac- 
tor a treatment.^^ Increased expression of clusterin 
in prostate cancer is closely correlated with higher 
Gleason scores.^^ Residual foci of cancer cells from 



radical prostatectomy specimens treated with neo- 
adjuvant androgen ablation exhibited strongly 
positive staining for clusterin. Clusterin staining in 
specimens from neoadjuvantly treated patients in- 
creased in intensity (+3 to +4) in 80% to 90% of 
cancer cells compared with absent (O)-to-low in- 
tensity staining (+1 to +2) in 10% to 20% of can- 
cer cells in nonneoadjuvant hormonal therapy 
(NHT)-treated specimens (Figure 3). Clusterin 
levels also increase in prostate and other cancer 
cells after chemotherapy and radiation (Figure 4). 

Clusterin Overexpression Confers a Resistant 
Phenotype 

To investigate the functional significance of clus- 
terin upregulation after androgen withdrawal, the 
effects of clusterin overexpression on time to Al 
progression after androgen ablation was evaluated 
by stably transfecting LNCaP cells with TRPM-2 
cDNA expression vector. Tumor volume and se- 
rum PSA levels increased 4-fold faster after castra- 




FIGURE 3. Immunohistochemical analysis ofclusterin protein expression in human prostate cancer tissues obtained 
from radical prostatectomy specimens. Clusterin staining in specimens from neoadjuvant hormonal therapy (NHT)- 
treated patients increased in intensity ( + J to +4) in 80% of cancer cells compared with absent (0) to low-intensity 
staining (-i-l to +2) in 20% of cancer cells in non-NHT-treated specimens (A), clusterin immunostaining is low or 
absent in prostate cancer tissues with no NHL (B). Strong immunoreactivity is present in cytoplasm of residual foci 
of prostate cancer cells from patients who received NHT before surgery. NHT = nonneoadjuvant hormonal therapy. 
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FIGURE 4. Clusterin levels increase in a dose- and time-dependent manner after treatment of PC-3 cells after 
paclitaxel (A) and radiation (B) treatment. mRNA = messenger RNA; TRPM-2 = testosterone-repressed prostate 
message 2. 
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that target the molecular basis of androgen and 
chemoresistance are required. Traditionally, new 
nonhormonal therapies are evaluated late in 
HRPC, and when used in this end-stage setting, 
most are ineffective.^ A more rational treatment 
strategy would involve adjuvant therapy, which 
targets adaptive changes in gene expression precip- 
itated by androgen withdrawal to enhance castra- 
tion-induced apoptosis (eg, Bcl-2, clusterin) and to 
delay emergence of the AI phenotype. 

Progression to androgen independence is a com- 
plex process involving variable combinations of 
clonal selection,^ adaptive upregulation of anti- 
apoptotic survival genes,^-^*' androgen-receptor 
transactivation in the absence of androgen from 
mutations or increased levels of coactivators,"^*^ 
and alternative growth factor pathways, including 
HER-2/neu, epidermal growth-factor receptor, and 
insulin-Hke growth factor I.^^-m interesting 
and somewhat ironic to note that the very same 
agents used to kill or control cancer cells also trig- 
ger cascades of events that lead to a chemoresistant 
phenotype. If we are to have a significant impact on 
survival, improved understanding of specific 
mechanisms mediating AI progression and new 
therapeutic strategies designed to inhibit the emer- 
gence of this phenotype are necessary. 

Insights and understanding into the nature of 
human prostate cancer will come from developing 
useful concepts through careful extrapolation 
from appropriate types of tumor models. Several 
appropriate tumor model systems have been devel- 
oped, including the human cell lines LNCaP,^^*^^ 
LuCaP,i8 CRW22,i9 LAPC9,i2 and the murine 
Dunning^ and Shionogi.^ The human LNCaP cell 
line is androgen responsive, PSA secreting, and im- 
mortalized in vitro. Similar to chnical prostate 
cancer, serum PSA levels in the LNCaP tumor 
model are initially regulated by androgen, are di- 
rectly proportional to tumor volume, and increase 
after prolonged periods of growth after castration 
to signal progression to androgen independence.^'^ 
Apoptotic tumor regression does not consistently 
occur after castration, but tumor growth stabilizes, 
and serum and tumor-cell PSA levels decrease by 
80% for several weeks after castration, after which 
LNCaP tumor growth rates and PSA expression 
increase above precastrate levels. 

The Shionogi tumor model is a mouse androgen- 
dependent (AD) mammary carcinoma that, as with 
human prostate cancer, regresses after castration 
and later recurs as AI tumors.^ Although the 
Shionogi tumor model is of mouse mammary ori- 
gin, it shares a number of features characteristic of 
human prostate cancer in that it is AD, has a func- 
tional androgen receptor, and undergoes extensive 
castration-induced apoptosis after androgen with- 



drawal with subsequent AI tumor recurrence after 
1 month. The pattern of changes in gene expres- 
sion after castration in the LNCaP and Shionogi 
models are similar to human prostate cancer (eg, 
Bcl-2, clusterin, insulin-like growth factor-bind- 
ing proteins, PSA, Bc1-Xl). Collectively, these sim- 
ilarities validate their use as models of the human 
disease for functional genomics and preclinical 
proof of principle experiments.'^ ^-^^^^^-^^ 

Investigations using various tumor models dem- 
onstrate that hormonal resistance and chemoresis- 
tance develops, in part, from alterations in the ap- 
optotic machinery, because of increased activity of 
antiapoptotic pathways or expression of antiapop- 
totic genes. Research during the past decade has 
identified several proteins that may promote pro- 
gression and resistance by inhibiting apoptosis. Of 
special relevance to development of AI progression 
and HRPC are those survival proteins upregulated 
after apoptotic triggers (eg, androgen ablation), 
which function to inhibit cell death. Proteins ful- 
filling these criteria include antiapoptotic mem- 
bers of the Bcl-2 protein family and clusterin. We^"* 
and others^^^^ have reported that Bcl-2 levels in- 
crease after androgen withdrawal and during AI 
progression, and that Bcl-2 ASOs enhance cancer 
cell death after treatment with androgen with- 
drawal or chemotherapy.22.28,29 ^j^j^ review, we 
will summarize the role of the apoptosis-associated 
protein, clusterin, in the development of androgen 
resistance and chemoresistance. 

CLUSTERIN AS AN INHIBITOR OF 
APOPTOSIS 

Also known as testosterone-repressed prostate 
message 2 (TRPM-2), or sulfated glycoprotein 2, 
clusterin is associated with a wide variety of phys- 
iologic and pathologic processes,^^ including Alz- 
heimer's disease,^^ renal diseases, such as renal 
dysplasia, membranous glomerulonephritis, gen- 
tamicin nephrotoxicity, ureteric obstruction, and 
inherited polycystic renal diseases.^^ clusterin is 
associated with numerous tumors including pros- 
tate,33 lung,^^ breast,35.36 lymphoma,^^ and renal 
cell carcinoma.^^ Clusterin levels increase dramat- 
ically during castration-induced apoptosis in rat 
prostate epithelial cells,^^ in AD Shionogi tumors,® 
and human prostate cancer CRW22,23 and PC-82^ 
xenografts. Furthermore, clusterin levels increase 
and decrease during each cycle of intermittent an- 
drogen suppression in the Shionogi tumor model 
(Figure 1). 

Although clusterin was first isolated >15 years 
ago, its function has remained elusive. Although its 
functional relation to apoptosis has been inten- 
sively investigated, considerable ambiguity re- 
mains on roles for clusterin as both a mediator of 
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FIGURE 1. Changes in clusterin levels in Shionogi tumor tissues after castration and during cycles of intermittent 
androgen suppression. Clusterin levels increase 8- to 1 0-fold within days after castration, concomitant with onset of 
apoptotic tumor regression, but decrease again during cycles of testosterone replacement, until the development of 
androgen independence, + = with androgen; - = without androgen; mRNA = messenger RNA. 



apoptosis and as a cell survival factor. In the pros- 
tate gland, clusterin messenger RNA (mRNA) was 
originally cloned as TRPM-2 from regressing rat 
prostate, where it was subsequently shown by in 
situ hybridization to be expressed in dying epithe- 
lial cells.^^ Subsequently, however, clusterin was 
shown to be an apoptosis-associated, rather than 
an androgen-repressed gene; clusterin upregula- 
tion did not occur when calcium antagonists were 
used to inhibit castration-induced apoptosis and 
Shionogi tumor regression (Figure 2).® Support for 
clusterin having an active role in promoting ap- 
optosis is largely derived implicitly from its direct 
association with a great variety of dying tissues, 
such that measurement of clusterin is an accepted 
marker of apoptotic cell death.^^-^^ 

Unraveling the function of clusterin has been an 
elusive goal; it has been ascribed many and some- 
times contradictory functions. For example, nu- 
clear clusterin has recently been shown to interact 
with Ku-70 and act as a cell-death signal in MCF-7 
breast cancer cells transfected with various green- 
fluorescing protein-tagged clusterin constructs."*^ 
In contrast, the preponderance of recent studies on 
the role of clusterin in apoptosis provide strong 
evidence in support of a cell survival and antiap- 
optotic function (for reviews, see references 48 and 
49) Because clusterin binds to a wide variety of 



biologic ligands'^^-^^ and is regulated by transcrip- 
tion factor heat shock factor 1,^^ an emerging view 
suggests that clusterin functions as heat shock pro- 
tein to chaperone and stabilize conformations of 
proteins at time of cell stress. Some investigators 
suggest that clusterin may be the first-identified, 
secreted mammalian chaperone, but the precise 
site(s) of action remains unknown."*^ Although 
clusterin is constitutively secreted, and extracellu- 
lar clusterin has a cytoprotective function,^^ pro- 
apoptotic signals may induce intracellular forms 
through differential translation.^'^ 

Although emerging data identify clusterin as an 
inhibitor of apoptosis, Httle is known about mech- 
anisms and location of clusterin action at the mo- 
lecular and cellular level. The seemingly paradox- 
ical roles for clusterin in apoptosis are perhaps 
analogous to those ascribed to 2 forms of Bcl-x that 
arise from alternative splicing.^^^^ jj^^ smaller 
form, Bcl-Xg, can act to inhibit the protective effects 
of the larger form Bcl-x^, as well as Bcl-2 through 
an unknown mechanism. Similarly, clusterin can 
exist in many molecular forms, although they ap- 
parently arise from posttranslational modifications 
of a single mRNA transcript.^^ Furthermore, using 
a panel of antibodies directed against various of- 
and j3-chain epitopes of clusterin, Lakins c£ al,^^ 
were able to immunologically distinguish the 
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FIGURE 2. Effects of calcium channel blocker treatment on growth and clusterin expression in the Shionogi tumor 
model. Mice bearing Shionogi tumors were randomly selected for calcium channel blocker treatment versus control. 
Castration was performed for both groups. Beginning I day before castration, 588 fig nifedipine and 100 fxg 
non^asc were administered orally 5 times daily into each mouse in treatment group for 1 4 days. The graph illustrates 
changes in tumor volume, and Northern analysis /Insertj shows changes in clusterin messenger RNA (mRNA) levels, 
after castration with or without calcium channel blocker treatment. Lane 1 = intact tumor; lanes 2 fo 4 = tumors 5 
days after castration and no calcium channel blocker; lanes 5 to 7 = tumors 5 days after castration with calcium 
channel blocker; lane 8 = androgen independent tumor 



forms of clusterin upregulated in dying cells from 
those synthesized by surviving cells in regressing 
rat prostate. The secreted mature and core propro- 
teins are believed to interact with glycoprotein 
330, a cell surface receptor.^® Collectively, these 
reports suggest that pro- and antiapoptotic func- 
tions of clusterin may be because of activity of dif- 
ferent forms of the protein. 

cwsterin as a therapeutic target in prostate 
Cancer 

In prostate cancer, experimental and clinical 
studies show^ clusterin expression is associated 
with AI progression and has a protective role 
against apoptotic cell death. For example, intro- 
duction of TRPM-2 complementary DNA (cDNA) 
into LNCaP prostate cancer cells increases resis- 
tance to apoptosis induced by tumor necrosis fac- 
tor a treatment.^^ Increased expression of clusterin 
in prostate cancer is closely correlated with higher 
Gleason scores.^^ Residual foci of cancer cells from 



radical prostatectomy specimens treated with neo- 
adjuvant androgen ablation exhibited strongly 
positive staining for clusterin. Clusterin staining in 
specimens from neoadjuvantly treated patients in- 
creased in intensity (+3 to +4) in 80% to 90% of 
cancer cells compared with absent (O)-to-low in- 
tensity staining (+1 to 4-2) in 10% to 20% of can- 
cer cells in nonneoadjuvant hormonal therapy 
(NHT)-treated specimens (Figure 3). Clusterin 
levels also increase in prostate and other cancer 
cells after chemotherapy and radiation (Figure 4). 

Clusterin Overexpression Confers a Resistant 
Phenotype 

To investigate the functional significance of clus- 
terin upregulation after androgen withdrawal, the 
effects of clusterin overexpression on time to Al 
progression after androgen ablation was evaluated 
by stably transfecting LNCaP cells v^th TRPM-2 
cDNA expression vector. Tumor volume and se- 
rum PSA levels increased 4-fold faster after castra- 
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FIGURE 3. Immunohistochemicat analysis ofclusterin protein expression in human prostate cancer tissues obtained 
from radical prostatectomy specimens. Clusterin staining in specimens from neoadjuvant hormonal therapy (NHT)- 
treated patients increased in intensity (+3 to +4) in 80% of cancer cells compared with absent (0) to low-intensity 
staining (+1 to +2) in 20% of cancer cells in nOn-NHT-treated specimens (IK), clusterin immunostaining is low or 
absent in prostate cancer tissues with no NHT. (B). Strong immunoreactivity is present in cytoplasm of residual foci 
of prostate cancer cells from patients who received NHT before surgery. NHT = nonneoadjuvant hormonal therapy. 
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FIGURE 4. Clusterin levels increase in a dose- and time-dependent manner after treatment of PC-3 cells after 
paclitaxel (A) and radiation (B) treatment. mRNA = messenger RNA; TRPM-2 = testosterone-repressed prostate 
message 2, 




FIGURE 5. Overexpression of clusterin accelerates time to Al progression in the LNCaP tumor model. LNCaP cells 
were transfected with TRPM-l cDNA expression vector pRC-CMVITRPM-2 or the pRC-CMV vector alone as a control. 
As shown in inset, abundant levels of clusterin mRNA were detected in clusterin-tronsfected clones (LNCaPlTl 
whereas the parental LNCaP (LNCaP/ P) or control vector-transfected cell line (LNCaP/ C) did not express detectable 
TRPM-2 mRNA levels. Intact male nude mice were inoculated subcutaneously with I million LNCaP/C and LNCaP/Ti 
cells. After castration, LNCaP/T tumor volume and serum PSA levels continued to increase after castration, 
increasing 3-fold faster compared with controls. Al = androgen independent; cDNA = complementary DNA; 
mRNA = messenger RNA; PSA = prostate-specific antigen; TRPM-l = testosterone-repressed prostate message 2. 



tion in clusterin-overexpressing LNCaP/Tl tumors 
compared with control tumors (Figure 5).® Fur- 
thermore, overexpressing clusterin LNCaP/Tl tu- 
mors were more resistant to paclitaxel and radia- 
tion than control tumors.^^ These findings 
demonstrate that clusterin is a cell survival gene 
upregulated by apoptotic triggers (as with andro- 
gen withdrawal, chemotherapy, radiation) and con- 
fers resistance when overexpressed. 

Enhancing Hormone Sensitivity using Clusterin 
Antisense Ougonucleotides 

Targeting cell survival genes upregulated by an- 
drogen withdrawal may enhance castration- 
induced apoplosis and thereby prolong time to 
overt recurrence. ASOs are chemically modified 
stretches of single-strand DNA, complementary to 
mRNA regions of a target gene, which inhibit trans- 
lation by forming RNA/DNA duplexes, thereby 
reducing mRNA and protein levels of the target 
gene.^^ The specificity and efficacy of ASOs rely on 
precise targeting afforded by strand hybridization, 
where only a perfect match between the target se- 
quence and the ASOs will lead to hybridization and 
inhibition of translation. Phosphorothioate ASOs 



are water soluble, stable agents manufactured to 
resist nuclease digestion through substitution of a 
nonbridging phosphoryl oxygen of DNA with sul- 
fur. ASOs become associated with high-capacity, 
low-affinity serum-binding proteins after parental 
administration.^^ ASOs targeting several onco- 
genes have been reported to specifically inhibit ex- 
pression of these genes and delay progression in 
several types of lumors.^^^^ We^-^^ and others^® 
have reported on the use of ASOs to specifically 
target the cell survival gene, Bcl-2, to enhance hor- 
mone and chemotherapy. A limiting factor of phos- 
phorothioate backbone is its short, in vivo half-life, 
necessitating continuous infusion for human clin- 
ical trials. A 2'-0-(2-methoxy)ethyl (MOE) ribose 
modification has been shown to increase both 
binding affinity and resistance of ASOs.^*^ Because 
of its longer tissue half-life, MOE-modified ASOs 
may be amendable to weekly administration 
scheduHng. 

ASOs corresponding to the clusterin translation 
initiation site reduce clusterin levels in a dose-de- 
pendent and sequence-specific manner®*^ AD 
Shionogi tumors regressed faster, and complete re- 
gression occurred earlier after castration in mice 
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FIGURE 6. Dose-dependent effects of clusterin antisense oligonucleotides (ASOs) on Shionogi tumor growth. 
Beginning on the day of castration, 5 to 50 mglhg ASO or mismatch (MM) control oligonucleotide was injected 
intraperitoneolly once daily for 15 days into each mouse bearing Shionogi tumors. Tumor volume was measured 
twice weekly and calculated by the formula length x width x depth x 0.5256, Each point represents the mean 
tumor volume in each experimental group containing 7 mice with standard deviations. /'Inset; Northern analysis 
shows reduced clusterin levels from tumors harvested on day 5 after castration plus ASO treatment. 



treated with clusterin ASO compared Avith con- 
trols. Furthermore, clusterin ASO treatment signif- 
icantly delayed recurrence of AI tumors; tumor 
volume in the mismatch-treated control group was 
6 times greater than the ASO-treated group by day 
50 postcastration.^ Dose-dependent studies using 
mouse clusterin ASOs in the murine Shionogi 
model demonstrated dose-dependent activity <25 
mg/kg per day, but did not reveal any obvious tox- 
icity in mice treated with <50 mg/kg per day (Fig- 
ure 6). 

Enhancing Chemosensitivity vsing Clusterin 
Antisense Ougonvcleotides 

Clusterin ASOs also increased the cytotoxic ef- 
fects of mitoxanthrone and paclitaxel, reducing the 
50% inhibitory concentration (IC50) of PC-3 and 
Shionogi cells by 75% to 90%.«>.64 xhe induction of 
apoptosis by 10 nmol/L taxol, as demonstrated by 
DNA laddering, and poly adenosine diphosphate 
ribose polymerase cleavage could be seen only 
when used with clusterin ASOs (Figure 7). Al- 
though clusterin ASOs had no effect on the growth 
of established Al Shionogi or PC-3 tumors, clus- 



terin ASOs synergistically enhanced paclitaxel-in- 
duced tumor regression in both the Shionogi and 
human PC-3 models.^*^-^ 

Clusterin may also play a role in mediating che- 
moresistance in renal cell carcinoma and other tu- 
mors. We recendy reported that clusterin levels are 
significantly higher in renal cell carcinoma com- 
pared with adjacent normal rtoal tissues.^^ Pre- 
treatment of Caki-2 cells with clusterin ASOs de- 
creased clusterin levels and significantly enhanced 
chemosensitivity to paclitaxel in vitro. Character- 
istic apoptotic DNA laddering occurred after com- 
bined treatment with clusterin ASO plus pacli- 
taxel, but not with either agent alone. In vivo 
administration of clusterin ASO synergistically en- 
hanced pacHtaxel-induced Caki-2 tumor regres- 
sion and delayed tumor progression by 50%. 

Enhancing Radiation Sensitivity Using Clusterin 
Antisense Ougonucleotides 

Little is known about the molecular mechanisms 
that contribute to intrinsic radioresistance charac- 
teristic of prostate cancer. Bcl-2-overexpressing 
LNCaP cells appear to be more resistant to radia- 
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^^^^^^^^^ iilHHHHHV^ 

FIGURE 7. Effect of combined treatment with clusterin antisense oligonucleotides (ASO) plus chemotherapy on 
Shionogi tumor cell growth, (A) Shionogi tumor cells were treated daily with 500 nmol/L clusterin ASO or mismatch 
control oligonucleotide for 2 days. Cells were then treated with medium containing various concentrations of 
mitoxanthrone. After 48 hours of incubation, cell viability was determined by tetrazolium dye (M7T) assay. (B) 
Shionogi cells were treated daily with 500 nmol/L clusterin ASO or mismatch (MM) control oligonucleotide for 2 
days, and treated with 10 nmol/L paclitaxeL After 48 hours of incubation, DNA was extracted from culture cells, 
electrophoresed in a 2% agarose gel, and visualized by ethidium bromide staining and ultraviolet transillumination, 
DNA laddering indicates apoptosis only in cells treated with combined paclitaxel and clusterin. 



tion-induced apoptosis and tumorigenesis com- 
pared with parental cells.^^ Similarly, clusterin- 
overexpressing LNCaP cells were less sensitive to 
irradiation with significantly lower cell-death rates 
(23% after 8 Gy) compared with parental LNCaP 
cells (50% after 8 Gy) 3 days after irradiation.^^ 
Clusterin expression in PC-3 cells after radiation 
increased in a dose-dependent manner in vitro by 
70% up to 12 Gy and in vivo by >80%. Inhibition 
of clusterin expression in PC-3 cells using clus- 
terin ASOs before radiation significantly decreased 
PC-3 cell growth rate and plating efficiency, and 
enhanced radiation-induced apoptosis. In vivo ad- 
ministration of clusterin ASO before and after ra- 
diation significantly reduced PC-3 tumor volume 
by 50% at 9 weeks as compared vrith mismatch 
control oligonucleotides. These findings support 
the hypothesis that clusterin acts as a cell survival 
protein that mediates radioresistance through the 
inhibition of apoptosis. 

SUMMARY 

The data reviewed above identify clusterin as an 
antiapoptosis protein, upregulated in an adaptive 
cell survival manner by androgen ablation and che- 
motherapy, which confers resistance to various 
cell-death triggers, including hormone therapy, ra- 
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diation therapy, and chemotherapy. Inhibition of 
clusterin upregulation using clusterin ASOs can 
enhance cell death after treatment with androgen 
ablation and chemotherapy. A clinical trial in men 
with HRPC using clusterin ASOs in combination 
with docetaxel is planned to begin in late 2002. 



REFERENCES 

1. Denis L, and Murphy GP: Overview of phase III trials 
on combined androgen treatment in patients with metastatic 
prostate cancer. Cancer 72: 3888-95, 1993. 

2. Oh WK, and Kantoff PW: Management of hormone 
refractory prostate cancer: current standards and future pros- 
pects. J Urol 160: 1220-1229, 1998. 

3. Hudes GR. Nathan F, Khater C, et ah Phase II trial of 
96-hour paclitaxel plus oral estramustine phosphate in meta- 
static hormone-refractory prostate cancer. J Clin Oncol 15: 
3156-3163. 1997. 

4. Petrylak DP, Macarthur RB, O^Connor J, et al: Phase I 
trial of docetaxel with estramustine in androgen-independent 
prostate cancer. J Clin Oncol 17: 958-967, 1999. 

5. Smith DC, Esper D, Strawderman M, et ah Phase 11 trial 
of oral estramustine. oral etopside, and intravenous paclitaxel 
in hormone-refractory prostate cancer. J Clin Oncol 17: 
1664-1671.1999. 

6. Isaacs JT, Wake N. Coffey DS, et ah Genetic instability 
coupled to clonal selection as a mechanism for progression in 
prostatic cancer. Cancer Res 42: 2353-2371, 1982, 

7. Miyake H, Tolcher A, and Gleave ME: Antisense Bcl-2 
oligodeoxynucleotides delay progression to androgen-inde- 



pendence after castration in the androgen dependent Shionogi 
tumor model. Cancer Res 59: 4030-4034, 1999. 

8. Miyake H, Rennie P, Nelson C, et ah Testosterone-re- 
pressed prostate message-2 (TRPM-2) is an aniiapoptotic gene 
that confers resistance to androgen ablation in prostate cancer 
xenograft models. Cancer Res 60: 170-176, 2000. 

9. Bruchovsky N, Rennie PS, Coldman AJ, et ah Effects of 
androgen withdrawal on the stem cell composition of the 
Shionogi carcinoma. Cancer Res 50; 2275-2282, 1990. 

10. Miyake H, Nelson C, Rennie P, et ah Overexpression of 
insulin-like growth factor binding protein-5 helps accelerate 
progression to androgen-independehce in the human prostate 
LNCaP tumor model through activation of phosphatidylino- 
sitol 3'-kinase pathway. Endocrinology 141: 2257-2265, 
2000. 

11. Sato N, Sadar MD, Bruchovsky N, et ah Androgenic 
induction of prostate-specific antigen gene is repressed by pro- 
tein-protein interaction between androgen receptor and AP- 
Ic-Jun in the human prostate cancer cell line LNCaP. J Biol 
Chem 272: 17485-17494, 1997. 

12. Craft N, Shostak Y, Carey M, et ah A mechanism for 
hormone-independent prostate cancer through modulation of 
androgen receptor signaling by the HER-2/neu tyrosine ki- 
nase. Nat Med 5: 280-285, 1999. 

13. Sherwood ER, Van Dongen JL, Wood CG, et ah Epider- 
mal growth factor receptor activation in androgen-indepen- 
dent but not androgen-stimulated growth of human prostatic 
carcinoma cells. BrJ Cancer 77: 855-861, 1998. 

14. Abreu-Martin MT, Chan A, Palladino AA, et ah Miio- 
gen-activated protein kinase 1 activates androgen receptor- 
dependent transcription and apoptosis in prostate cancer; Mol 
Cell Biol 19: 5143-5154, 1999. 

15. Cleave ME, and Hsieh, JT: Animal models in prostate 
cancer, in Raghavan D, Scher H, Leibel S, et al (Eds); The 
Principles and Practice of Genitourinary Oncology. Philadel- 
phia,JB Uppincott Co., 1997, pp 367-378. 

16. Horoszewicz, J, Leong, S, Chu, T, et ah The LNCaP cell 
line: a new model for studies on human prostatic carcinoma. 
Prog Clin Biol Res 37: 1 15-132, 1980. 

17. Cleave ME, Hsieh JT, Wu H-C, et ah Serum PSA levels 
in mice bearing human prostate LNCaP tumor are determined 
by tumor volume and endocrine and growth factors. Cancer 
Res 52: 1598-1605, 1992. 

18. Ellis WJ, Vessella RL, Buhler KR, et ah Characterization 
of a novel androgen-sensitive, prostate-specific antigen-pro- 
ducing prostatic carcinoma xenograft: LuCaP 23. Clin Cancer 
Res 2: 1039-1048, 1996. 

19. Amler LC, Agus DB, LeDuc C, et ah Dysregulated ex- 
pression of androgen-responsive and nonresponsive genes in 
the androgen-independent prostate cancer xenograft model 
CWR22-R1. Cancer Res 60: 6134 - 6141, 2000. 

20. Nickerson T, Miyake H, Cleave ME, et ah Castration- 
induced apoptosis of androgen-dejjendent Shionogi carci- 
noma is associated with increased expression of genes encod- 
ing insulin-like growth factor binding proteins. Cancer Res 
59: 3392-3395, 1999. 

21. Miyaki H, Monia B, and Cleave ME: Antisense Bcl-xL 
arid Bcl-2 oligodeoxynucleotides synergistically enhance taxol 
chemosensitivity and delay progression to androgen-indepen- 
dence after castration in the androgen dependent Shionogi 
tumor model. Int J Cancer 86: 855-862, 2000. 

22. Cleave ME. Tolcher A, Miyake H, et ah Progression to 
androgen-independence is delayed by antisense Bcl-2 oligode- 
oxynucleotides after castration in the LNCaP prostate tumor 
model. CUn Cancer Res 5: 2891-2898, 1999. 

23. Budendorf L, Kolmer M, Kononen J, et ah Hormone 
therapy failure in human prostate cancer: analysis by comple- 
mentary DNA and tissue arrays. J Natl Cancer Inst 91: 1758- 
1764, 1999. 



24. Paterson R, Cleave M, Jones E, et ah Immunohisto- 
chemical analysis of radical prostatectomy specimens after 8 
months of neoadjuvant hormone therapy. Mol Urol 3: 277- 
286, 1999. 

25. McDonnell TJ, Troncoso P, Brisby SM.et ah Expression 
of the protooncogene Bcl-2 in the prostate and its association 
with emergence of androgen-independent prostate cancer. 
Cancer Res 52: 6940-6944, 1992. 

26. Colombel M, Symmans F. Gil S, et ah Detection of the 
apoptosis-suppressing oncoprotein Bcl-2 in hormone-refrac- 
tory human prostate cancers. Am J Pathol 143: 390-400, 
1993. 

27. RafTo AJ, Periman H, Chen MW, et ah Overexpression 
of Bcl-2 protects prostate cancer cells from apoptosis in vitro 
and confers resistance to androgen depletion in vivo. Cancer 
Res 55: 4438-4445, 1995. 

28. Jansen B, Schlagbauer-Wadl H, Brown BD, et ah Bcl-2 
antisense therapy chemosensitizes human melanoma in SCID 
mice. NatMed4: 232-234, 1998. 

29. Miyake H, Tolcher A, and Cleave ME: Antisense Bcl-2 
oligodeoxynucleotides enhance taxol chemosensitivity and 
synergistically delays progression to androgen-independence 
after castration in the androgen dependent Shionogi tumor 
model. J Nad Cancer Inst 92: 34-41, 2000. 

30. Tenniswood M, Wang Z, Lakins J, et ah Clusterin in the 
male reproductive tracL J Androl 19: 508-516, 1998. 

31. Calero M, Rostagno A, Matsubara E, et ah Apolipopro- 
tein J (clusterin) and Alzheimer*s disease. Microsc Res Tech 
50: 305-315, 2000. 

32. Rosenberg ME, and Silkensen J: Clusterin and the kid- 
ney, txp Nephrol 3: 9-14, 1995. 

33. SteinbergJ, Oyasu R, Lang S, et ah Intracellular levels of 
SGP-2 (clusterin) correlate viith tumor grade in prostate can- 
cer. Clin Cancer Res 3: 1701-1711, 1997. 

34. Cervellera M, Raschella G, Santilli G, et ah Direct trans- 
activation of the anli-apoptotic gene apolipoprotein J (clus- 
terin) by B-MYB. J Biol Chem 275: 21055-21060, 2000. 

35. Kyprianou N, English HF, Davidson NE, et ah Pro- 
grammed cell death during regression of the MCF-7 human 
breast cancer following estrogen ablation. Cancer Res 51: 
162-166, 1991. 

36. Redondo M, Villar E, Torres-Munoz J, et ah Overex- 
pression of clusterin in human breast carcinoma. Am J Pathol 
157: 393-399. 2000. 

37. Wellmann A, Thieblemont C, Pitta luga S, et ah Detec- 
tion of differentially expressed genes in lymphomas using 
cDNA arrays: identification of clusterin as a new diagnostic 
marker for anaplastic large-cell lymphomas. Blood 96: 398- 
404, 2000. 

38. Parczyk K, Pilarsky C, Rachel U, et ah Gp80 (clusterin; 
TRPM-2) niRNA level is enhanced in human renal clear eel! 
carcinomas. J Cancer Res Clin Oncol 120: 186-188, 1994. 

39. Montpetit ML, Lawless KR, and Tenniswood M: Andro- 
gen-repressed messages in the rat ventral prostate. Prostate 8: 
25-36, 1986. 

40. Kyprianou N, English HF, and Isaacs JT: Progranmied 
cell death during regression of PC-82 human prostate cancer 
following androgen ablation. Cancer Res 50: 3748-3753, 
1990. 

41. Tenniswood MP, Guenette RS, Lakins J, et ah Active 
cell death in hormone-dependent tissues | review 1. Cancer 
Metastasis Rev 11: 197-220, 1992, 

42. Danik M, Chabot JG, Mercier C, et ah Human gliomas 
and epileptic foci express high levels of a mRN A related to rat 
testicular sulfated glycoprotein 2, a purported marker of cell 
death- Proc Natl Acad Sci USA 88: 8577-8581, 1991. 

43. Connor J, Buttyan R, Obson CA, et ah SGP-2 expres- 
sion as a genetic marker of progressive cellular pathology in 



UROLOGY 58 (Supplement August 2001 



47 



experimental hydronephrosis. Kidney Ini 39: 1098-1103, 
1991. 

44. Ho SM, Leav 1, Ghatak S. et al: Lack of association 
between enhanced TRPM-2/cltisterin expression and in- 
creased apoplotic activity in sex-hormone-induced prostatic 
dysplasia of the Noble rat. Am J Pathol 153: 131-139, 1998. 

45. Schwochau GB, Nath KA, and Rosenberg ME: Clusterin 
protects against oxidative stress in vitro through aggregative 
and nonaggregative properties. Kidney Int 53: 1647-1653. 
1998. 

46. French LE, Sappino AP, Tschopp J, et ah Distinct sites 
of production and deposition of the putative cell death marker 
clusterin in the human thymus. J Clin Invest 90: 1919-1925, 
1992. 

47. Yang CR, Leskov K, Hosley-Eberlein K, et al: Nuclear 
clusterin/XlP8, an x-ray-induced Ku70-binding protein that 
signals cell death. Proc Natl Acad Sci USA 97: 5907-5912, 
2000. 

48. Koch-Brandt C, and Morgans C: Clusterin: a role in cell 
survival in the face of apoptosis (review}? Prog Mol Subcell 
Biol 16: 130-149, 1996. 

49. Wilson MR, and Easterbrook-Smith SB: Clusterin is a 
secreted manmialian chaperone. Trends Biochem Sci 25: 95- 
98, 2000. 

50. Humphreys DT, Carver J A, Easterbrook-Smith SB, et al: 
Clusterin has chaperone-like activity similar to that of small 
heat shock proteins. J Biol Chem 274: 6875-6881, 1999. 

51- Michel D. Chatelain G, North S, et al: Stress-induced 
transcription of the clusterin/apoj gene. Biochem J 328: 45- 
50, 1997. 

52. Sintich SM, Steinberg J, Kozlowski JM, et al: Cytotoxic 
sensitivity to tumor necrosis factor-a in PC3 and LNCaP pros- 
tatic cancer cells is regulated by extracellular levek of SGP-2 
(Clusterin). Prostate 39: 87-93, 1999. 

53. Boise LH, Gonzalez-Garcia M, Poslema CE, et al: Bcl-x, 
a Bcl-2-related gene that hinctions as a dominant regulator of 
apoptotic cell death. Cell 74: 597-608, 1992. 

54. Rouayrenc JF, Boise LH, Thompson CB, et al: Presence 
of the long and the short forms of Bcl-X in several human and 
murine tissues. C R Acad Sci 111 318: 537-540, 1995. 

55. Minn AJ, Boise LH, and Thompson CB: Bcl-x(S) anat- 
agonizes the protective effects of Bcl-x(L). J Biol Chem 271: 
6306-6312, 1996. 

56. Wong P, Pineault J, LakinsJ, et al: Genomic organiza- 
tion and expression of the rat TRPM-2 (clusterin) gene, a gene 
implicated in apoptosis. J Biol Chem 268: 5021-5031, 1993. 

57. LakinsJ, Bennett SA, Chen JH, et al: Clusterin biogen- 



esis is altered during apoptosis in the regressing rat ventral 
prostate. J Biol Chem 273: 27887-27895, 1998. 

58. Kounnas MZ, Loukinova EB, Slefansson S, et al: Iden- 
tification of glycoprotein 330 as an endocytic receptor for 
apolipoprotein J/clusterin. J Biol Chem 270: 13070-13075. 
1995. 

59. SensibarJA, Sutkowski DM, Raffo A, et al: Prevention of 
cell death induced by tumor necrosis factor a in LNCaP cells 
by overexpression of sulfated glycoprotein-2 (clusterin). Can- 
cer Res 55: 2431-2437. 1995. 

60. Miyake H, Rennie P, Nelson C, et al: Acquisition of 
chemoresistant phenotype by overexpression of the antiapop- 
totic gene, testosterone-repressed prostate message-2 (TRPM- 
2), in prostate cancer xenograft models. Cancer Res 60: 2547- 
2554, 2000. 

61. Crooke ST: Therapeutic applications of oligonucleo- 
tides. Annu Rev Pharmacol Toxicol 32: 329-376, 1993. 

62. Saijo Y, Perlaky L, Wang H, et al: Pharmacokinetics, 
tissue distribution, and stability of antisense oligodeoxynucle- 
otide phosphorothioate ISIS 3466 in mice. Oncol Res 6: 243- 
249, 1994. 

63. Monia BP, Johnston JF, Geiger T, et al: Antitumor ac- 
tivity of a phosphorothioate antisense oligodeoxynucleotide 
targeted against C-raf kinase. Nat Med 2: 668-675, 1996. 

64. Miyake H, Chi K, and Gleave ME: Antisense TRPM-2 
oligodeoxynucleotides chemosensitize human androgen-in- 
dependent PC-3 prostate cancer cells both in vitro and in vivo. 
Clin Cancer Res 6: 1655-1663, 2000. 

65. Zieger A, Luedke GH, Fabbro D, et al: Induction of 
apoptosis in small-cell lung cancer celb by an antisense oli- 
godeoxynucleotide targeting the Bcl-2 coding sequence. J Nad 
Cancer Inst 89: 1027-1036, 1997. 

66. McKay RA, Miraglia LJ, Cummins LL, et al: Character- 
ization of a potent and specific class of antisense oligonucleo- 
tide inhibitor of human protein kinase C-a expression. J Biol 
Chem 274: 1715-1722, 1999. 

67. Zellweger T, Miyake H.July L, et al: Chemosensitiza- 
tion of a human renal cell cancer model by antisense clusterin 
oligodeoxynucleotides both in vitro and in vivo. Neoplasia 3: 
1-8, 2001. 

68. Kyprianou N, King ED, Bradbury D, et al: Bcl-2 overex- 
pression delays radiation-induced apoptosis without affecting 
the clonogenic survival of human prostate cancer cells. Int J 
Cancer 70: 341-348, 1997. 

69. Zellweger T, Chi K, Miyake H.etal: Enhanced radiation 
sensitivity in prostate cancer by inhibition of the cell survival 
protein clusterin. Can J Urol 7: 1015, 2000. 



DISCUSSION FOLLOWING 
DR. MARTIN E. GLEAVE'S PRESENTATION 



Ronald Lieberman, MD (Rockville, Maryland): If you give 
these compounds chronically, is there a suggestion that you 
eventually develop either resistance or progression? Just in 
your own system, if you give the bcl-2, do you get an upregu- 
lation of the TRPM-2? Is there cross-talk there? 

Martin E. Gleave, MD (Vancouver. British Columbia, Can- 
ada): Those are questions that the array technology is going to 



allow us to answer. Ultimately, all these tumors progress. All 
we are doing is pushing the recurrence curve. But if you can 
delay progression, then, especially in an elderly population 
with prostate cancer, you may be able to buy them time to die 
of something else along the way. 

Dr. Lieberman: My understanding is that in prostate cancer 
there is overexpression of whatever the gene family is for mul- 
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